In previous papers (1, 2) it was shown that when the urine volume output falls below about 0.35 ml. per minute, the urine becomes " maximally" concentrated with respect to urea. The urea concentration of the urine is constant below this critical volume, and thus the urea clearance (U V/B) varies directly and quantitatively with the urine volume (V).
In previous papers (1, 2) it was shown that when the urine volume output falls below about 0.35 ml. per minute, the urine becomes " maximally" concentrated with respect to urea. The urea concentration of the urine is constant below this critical volume, and thus the urea clearance (U V/B) varies directly and quantitatively with the urine volume (V) .
In an effort to analyze the mechanism of renal excretion at low urine volumes, the plasma clearance of endogenous creatinine, and the excretions of phosphorus, total nitrogen, and total solids have been studied in a series of oliguric subjects. These findings are the basis for this report.
MATERIAL AND METHODS
Series of excretion studies were carried out, using four normal non-pregnant adults, one normal pregnant woman at term, six patients with preeclamptic toxemia, one patient with terminal malignant nephrosclerosis and cardiac decompensation, one with Bright's disease, and one unclassified cardiac patient. In the normals, a thirty to sixty hour food and water fast was necessary to get the urine volume down to the desired level. In the toxemia patients, a twelve hour fast sufficed, while the patient with renal disease required no preparation. Most of the urines were taken at hourly intervals, though some were for longer periods up to three hours. When the completeness of collection was controlled by washing out the bladder, specimens were taken at intervals of twenty to thirty minutes. In the first two normals, voided specimens were used; in all other cases the urines were obtained by catheter. In the later experiments the urine was first collected, and then the bladder washed out twice with saline at the end of each collection. The washings were separately analyzed. The observed urine volume was corrected by adding the volume of urine calculated, from the creatinine, to be in the saline washings.
The apparent plasma creatinine was determined in a modified Folin-Wu filtrate of the plasma, by the method of Folin and Wu (3) . Urinary creatinine was determined by Folin's (3) method.
For the determination of urinary nitrogen, 1 ml. of urine was diluted to volume in a 200 ml. volumetric flask. From this were taken 2, 3, and 5 ml. samples which were digested by the Wong persulphate method (4) . After cooling, they were nesslerized and read against a standard containing 0.15 or 025 mgm. of nitrogen. Correction was made for protein whenever present.
Inorganic phosphorus was determined in 1, 2, and 5 ml. samples of the urine diluted 1:200. Youngburg's method (3) was used.
Total solids were determined indirectly, because of the small amounts of urine available. Using calibrated pipettes, 10, or when necessary, 5 ml. of urine were weighed to a tenth of a milligram. The specific gravity was then calculated and corrected for protein (for each 10 grams of protein per liter 0.0030 was subtracted from the specific gravity). The significant figures in the specific gravity were then multiplied by Long's coefficient, 2.6, to get the approximate total solid content (3) .
All data were fitted to curves derived by the method of least squares.
RESULTS
As was previously reported for the excretion of urea, all substances investigated are maximally concentrated when the urine volume falls to 0.35 to 0.50 ml. per minute. Further decrease in volume is without effect upon the concentration of creatinine, phosphorus, total nitrogen, total solids, or total non-nitrogenous solids. Like urea, their excretion at low urine volumes depends linearly and quantitatively upon the volume.
The influence of the urine volume upon the plasma clearance of endogenous creatinine is shown in Figure 1 . In all cases, when the clearances are plotted against the urine volume, the best fitting curve for the data is a straight line originating close to zero on the coordinates. The mean curve shown was derived by averaging the equations obtained for the different series of clearances. The ratio of each line to the mean line was then calculated. Each point on each line was then multiplied by the appropriate factor and plotted with reference to the mean curve. This is a simple method of averaging all observations to determine their trend and distribution. The actually observed data are summarized in Table I which also gives the individual equations best describing the data. 591 Immediately following the injection of exogenous creatinine, these workers found an abrupt rise in the creatinine clearance while the inulin clearance remained unchanged. They suggested that the increased clearance of creatinine might be attributed to a tubular secretion which had been absent until the stimulus of the increased plasma level came into being. This might also mean that all The urine volume, which may vary enormously, is regulated entirely by the tubular reabsorption of water (7) . Even markedly reduced glomerular filtration, on the other hand, does not usually result in a diminished output, since there is characteristically a polyuria in advanced chronic nephritis. However, the findings on excretion at low urine volumes, reported here, suggest that at minimal levels the amounts of fluid filtered by the glomeruli do influence the quantity of final urine. The excretion of all the substances investigated varies directly with the urine volume, in the minimal range. The simplest possible explanation for this would be that varying amounts are filtered. It is only at these minimal urine volumes that the amounts excreted do vary directly with the quantity of urine, and therefore it is only in this range of volumes that the final amount of urine bears any definite relation to the amount of fluid filtered by the glomeruli. Chasis (7, 13) found that the inulin clearance showed no decrease, in man, as the urine volume fell to as low as 0.6 ml. per minute. This is roughly confirmed by some of the data in Table I ; when the urine volume is above 0.4 to 0.5 ml. per minute, the endogenous creatinine clearance is practically constant. It is only below this level that the clearance shows the linear decrease to zero, as the urine volume falls.
When the minute volume of urine falls to 0.35 to 0.5 ml., the concentrations of all substances studied reach their highest levels. Further decrease in volume is without effect upon the concentrations, which appear to be maximal for the existing conditions. Relative to the amounts of the different solids excreted, there is a constant and perhaps maximal amount of water reabsorbed at all urine volumes below the critical level. Perhaps this means that the kidneys are doing a maximal amount of osmotic work, and further reabsorption of water is impossible without further reabsorption of solids.
Assuming for the moment that there is a maximal tubular reabsorption of water when the urine volume falls to 0.4 ml. per minute, and that the glomerular filtrate is 120 ml. per minute (7), it is seen that the tubules have reabsorbed 119.6 ml. of water per minute, or 99.67 per cent of the filtered volume.
There is a possible alternative explanation of the findings which have been interpreted as meaning a decreasing glomerular filtration. Perhaps the glomerular filtration is still constant in this range of minimal urine volumes, but the tubules reabsorb water and each of the several excretory products in exact proportion as the volume falls below the critical level. The kidney must, then, deal with each substance separately, yet in quantitatively the same manner, so that the proportion of any one substance to water, and to every other substan'ce is fixed. This reabsorption must include creatinine, which has never been shown to be reabsorbed, nor even considered to be.
In the lower animals, the urine volume is apparently controlled primarily by glomerular filtration. In fact, the glomerulus, in the course of evolution, seems to have been developed in response to a need for excreting water (8) . This control of the urine volume by glomerular filtration has been demonstrated in the frog by Marshall (9) , and in the sculpin by Clarke (10) . In the mammals, glomerular filtration, thanks to a coinciden'tally efficient tubular reabsorption of water and certain other substances, has been secondarily diverted to excretion of wastes. And in most mammals, there seems to be no relation between glomerular filtration and final urine volume, at ordinary levels. For the rabbit, Kaplan and Smith (11) did fin'd that the clearances of inulin and creatinine " vary with the urine flow; in fact, these clearances fall precipitously at urine flows below 1 cc. per square meter per minute " and " . . . the present data on the excretion of inulin and creatinine point very strongly to a physiological association between glomerular function and urine flow in the rabbit." Perhaps this statement also applies for the human kidney, though only when the urine volume is very low. When the tubules have reached their peak capacity in reabsorbing water, the glomeruli may revert to their primitive function in conserving water by decreasing filtration.
Since the trend of creatinine clearances shown in Figure 1 extrapolates back to zero, it follows that at very small urine volumes the glomerular filtration becomes very small. The question arises as to what may be the mechan'ism regulating the filtration. Renal ischemia is a possibility reviewed by Kaplan and Smith (11) in discussing variations in glomerular filtration in the rabbit. Another possibility lies in the differential contraction of the afferent and efferent glomerular vessels, which would produce changes in glomerular pressure. Changes in glomerular pressure probably do occur on this basis; the literature is reviewed by Winton (12) . Whatever the mechanism, there is the further question as to the nature of the stimulus eliciting the changes in glomerular filtration.
SUMMARY AND CONCLUSIONS
When the urine volume falls below a critical limit of about 0.35 to 0.5 ml. per minute (21 to 30 ml. per hour, 504 to 720 ml. per 24 hours) urea, creatinine, inorganic phosphorus, total ni-S96 trogen, total non-nitrogenous solids, and total solids become maximally concentrated. Further reduction in urine volume does not increase the concentration.
The plasma clearance of endogenous creatinine, as well as the excretion of the other substances studied, shows a quantitative linear dependence upon the urine volume, in the minimal range. It is therefore suggested that these urine volumes vary with glomerular filtration. This implies that a constant and perhaps maximal proportion of the filtered water is reabsorbed by the tubules.
I am indebted to Dr. S. A. Cosgrove for his interest in this work, and for the use of his private as well as ward patients.
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